###### Strengths and limitations of this study

-   Arson at an urban solid waste facility allowed us to investigate the potential reproductive health effects of short-term exposure to pollutants emitted from the combustion of solid waste.

-   The analysis of vital records data allowed us to assess birth outcomes of pregnancies exposed at distinct stages of development, from conception to the time of delivery.

-   Data obtained from the regional Certificate of Birth Attendance registry allowed comparing exposed and non-exposed groups employing standardised information on birth outcomes.

-   The retrospective design and the limited vital statistics data available for analysis did not allow a detailed assessment of the longitudinal nature of the exposure-response relation, or a precise adjustment for potential confounding.

-   As it is often the case in studies of local environmental exposure events, the number of relevant outcomes was limited, especially when stratified according to the stage of the pregnancy at exposure, and association estimates were imprecise.

Introduction {#s1}
============

The number of studies investigating the potential human health effects on communities of pollutants released from landfills or incinerators is increasing,[@R1] showing that exposure is weakly associated with a variety of adverse health outcomes, including cancer, adverse reproductive outcomes and birth defects.[@R3] Increased risk of low birth weight and congenital malformations has been reported in communities living in proximity to landfills.[@R2] Maternal exposure to incinerator emissions was associated with preterm delivery.[@R7] A study of exposure to incinerator emissions containing dioxin concluded that exposure had little impact on birth weight and sex ratio, but may have been associated with gestational age at delivery.[@R8] Inconsistent findings across studies may be due to design issues, lack of exposure information, use of indirect surrogate measures, acute versus long-term exposure conditions and inadequate control of confounding.[@R9] Variation in risk perception among the stakeholders makes it difficult to communicate about the available evidence.

In Italy, the incidence of fires in solid waste management plants is increasing,[@R10] addressing the need to investigate the potential health effects of short-term exposure to pollutants emitted from the combustion of solid waste.

In Sicily, the fourth most populated Italian region, 5 million residents produce about 6000 tons of solid waste daily, which are disposed of in four municipal solid waste landfills (MSW-L).[@R11] The largest MSW-L is located in Bellolampo at 450 metres above sea level, on the hidden side of a mountain at the south-western border of Palermo (the largest city in Sicily, with 700 000 inhabitants, and its administrative capital).[@R11] The Bellolampo MSW-L collects solid waste from the Palermo metropolitan area, which includes the city and nearby municipalities.[@R12] On 29 July, 2012, a fire started at multiple points within the landfill and emissions spread to a large populated area, causing concern for the public's health. Emissions peaked in the first 24 hours and decreased thereafter, until the fire was fully extinguished by 16 August, 2012.

We analysed vital statistics data to retrospectively evaluate the potential effects of the arson on the outcomes of pregnancies that were exposed to the emissions at different gestational ages.

Methods {#s2}
=======

In response to the arson, the Sicilian Regional Health Authority defined an administrative area around the landfill, whose resident population was considered as potentially exposed to the MSW-L emissions and placed under surveillance ([online supplementary file](#SP1){ref-type="supplementary-material"}).[@R13] Environmental monitoring of the area[@R14] was done through existing stationary monitoring stations.[@R15] A longitudinal retrospective study was designed to study the effects of exposure to the fire emissions on reproductive health outcomes. We obtained limited data from the regional Certificate of Birth Attendance (CedAP) registry, which collects information on all births to women of childbearing age (10 to 55 years old) who deliver in Sicily, including parental sociodemographic characteristics, obstetrical history, prenatal care and characteristics of pregnancy and birth. The CedAP registry does not include data on births to resident mothers who delivered outside the region or wanted to preserve anonymity (0.4%). Date of conception was estimated using the date of birth and gestational age at birth reported in the registry. The study included all live births and stillbirths to mothers residing within the surveillance zone, whose estimated conception date occurred from 36 weeks prior to the peak of the fire (from 2:00 PM on 29 July, 2012, to 2:00 PM on 30 July, 2012), until 4 weeks after the fire. To remove confounding by exposure to pollutants deriving from anthropic activities and vehicular traffic within metropolitan areas, we restricted the main focus of the analysis to residents of the extra-urban section of the surveillance area ([online supplementary file](#SP1){ref-type="supplementary-material"}). Thus, the study group included all live births and stillbirths in the extra-urban surveillance area from pregnancies that were potentially exposed to the fire around the time of conception as well as pregnancies that were exposed at later stages (through the 36^th^ week). The reference group comprised all live births and stillbirths to mothers residing in the remaining extra-urban, low-density and unindustrialised areas of Sicily, during the same time interval. To distinguish pregnancy periods of susceptibility to acute exposure to the fire emissions, we stratified the study group and the reference population according to the following four subperiods of exposure ([figure 1](#F1){ref-type="fig"}): (i) periconception (conception occurring on 29 July, 2012, or up to 4 weeks later), (ii) first trimester (conception date 12 to 0 weeks before 29 July, 2012), (iii) second trimester (24 to 13 weeks before 29 July, 2012), (iv) third trimester (36 to 25 weeks before 29 July, 2012).
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For each stage of the pregnancy at the time of exposure, we compared birth outcomes of the study group with those of the reference group. We also carried out internal comparisons within the study group, contrasting outcomes across the four subperiods of exposure.

We conducted two supplementary analyses: first, we compared birth outcomes to mothers in the metropolitan area of Palermo (the main metropolitan area served by the Bellolampo MSW-L, 656 829 inhabitants) with those to mothers residing in the two other Sicilian metropolitan areas (Catania, 293 104 inhabitants, and Messina, 242 914 inhabitants) in the same study period. Second, to assess any systematic difference between the study group and the reference group independently from the fire, we repeated the comparison using data on births that occurred during the year preceding the arson (specifically, births conceived within −36 and +4 weeks from 29 July, 2011).

For each comparison, we evaluated the following proportions, defined according to European guidelines for perinatal statistics adopted by the PERISTAT system[@R16]: (a) among all births (ie, live births and stillbirths combined): proportion of stillbirths, proportions of male and female births and proportions of singleton and multiple births; (b) among live births: preterm birth (gestational age \<37 weeks), very preterm birth (gestational age \<32 weeks), low birth weight (\<2500 grams), very low birth weight (\<1500 grams) and small for gestational age (SGA) (birth weight under the 10^th^ percentile of the national distribution of birth weights of the same gestational age or birth of gestational age ≥37 weeks weighing \<2500 grams).

Because of CedAP data flow at the time in study was relatively new, we were only able to use the limited information described in this manuscript.

To make statistical inference about the comparisons between the different study groups and the references, we used logistic regression to estimate OR and 95% CI of the ORs, with and without adjusting for maternal age and infant gender, the only two potential confounders made available to us. Throughout this paper we treated the OR as an estimate of the risk ratio. This is appropriate as the absolute risks for most of the outcomes considered are well below 10%, and under these conditions the OR closely approximates the relative risk. Statistical analyses were carried out using STATA (V.11.2 MP, StataCorp, College Station, Texas). Strengthening the Reporting of Observational Studies in Epidemiology guidelines were followed for research reporting.

Patient and public involvement {#s2a}
------------------------------

Patients were not involved.

Results {#s3}
=======

Mothers residing in the exposed extra-urban area (the study group) gave birth to a total of 551 infants (548 live born + 3 stillborn) conceived during the interval of interest (20/11/2011 to 26/08/2012). There were 22 341 births (22 264 live births + 65 stillbirths) from pregnancies conceived during the same period by mothers residing in the remaining Sicilian low population-density, low industrialisation areas (the comparison group). We observed a two-fold increase in risk of very preterm birth (OR adjusted for maternal age and infant gender=2.29; 95% CI 1.12 to 4.68) and a two-fold increase in risk of very low birth weight (OR adjusted for maternal age and infant gender=2.20; 95% CI 1.02 to 4.72) among singleton live births ([table 1](#T1){ref-type="table"}).

###### 

Outcomes of 551 births from pregnancies to mothers residing in the extra-urban area (study group) and of 22 342 births from pregnancies to Sicilian women residing in similar low population density, low industrialisation areas (comparison group), conceived between 36 weeks before and 4 weeks after 29 July, 2012

  -------------------------------------------------------------------------------------------------------------------------------------------------------
  Birth outcome               Extra-urban exposed area   Comparison group                        Unadjusted OR   Adjusted OR               
  --------------------------- -------------------------- --------------------------------------- --------------- -------------- ---------- --------------
  All births                  551 (100)                  22 342 (100)                            OR              (95% CI)       OR\*\*     (95% CI)

  Gender                                                 7 (0,03)[\*](#tblfn1){ref-type="fn"}                                              

   Male                       299 (54.26)                11 464 (51.31)                          1 (ref.)                       1 (ref.)   

   Female                     252 (45.74)                10 871 (48.66)                          0.89            (0.75--1.05)   0.8        (0.75--1.05)

  Plurality                                                                                                                                

   Singleton birth            530 (96.19)                21 594 (96.65)                          1 (ref.)                       1 (ref.)   

   Multiple birth             21 (3.81)                  748 (3.35)                              1.14            (0.73--1.78)   1.17       (0.75--1.82)

  Status at birth                                        13 (0,06)[\*](#tblfn1){ref-type="fn"}                                             

  Live births                 548 (99.46)                22 264 (99.65)                          1 (ref.)                       1 (ref.)   

  Stillbirths                 3 (0.54)                   65 (0.29)                               1.88            (0.59--5.98)   1.89       (0.59--6.03)

  Singleton live births       530 (100)                  21 525 (100)                            OR              (95% CI)       OR\*\*     (95% CI)

  Preterm                                                                                                                                  

   (\<37 weeks)               36 (6.82)                  1094 (5.13)                             1.35            (0.96--1.91)   1.35       (0.96--1.90)

  Very preterm                                                                                                                             

   (\<32 weeks)               8 (1.52)                   144 (0.68)                              2.26            (1.10--4.63)   2.29       (1.12--4.68)

  Low birth weight                                                                                                                         

   (\<2.500 gr)               37 (6.99)                  1143 (5.31)                             1.34            (0.95--1.88)   1.36       (0.97--1.91)

  Very low birth weight\      7 (1.32)                   131 (0.61)                              2.19            (1.02--4.71)   2.20       (1.02--4.72)
  (\<1500 gr)                                                                                                                              

  Small for gestational age   15 (2.84)                  578 (2.71)                              1.05            (0.62--1.76)   1.07       (0.65--1.80)
  -------------------------------------------------------------------------------------------------------------------------------------------------------

\*Number and percentage of non-missing values \*\*OR adjusted for maternal age and infant gender (OR contrasting male and female gender adjusted for maternal age, only).

Among all births, we observed differences between the study group and the comparison group that were limited to births whose pregnancies were in the third trimester when the fire began: a two-fold excess of multiple births (OR adjusted by gender=2.42; 95% CI 1.38 to 4.24) and a four-fold excess of stillbirths (OR adjusted by gender=4.69; 95% CI 1.40 to 15.6) ([table 2](#T2){ref-type="table"}).

###### 

Outcomes of births from pregnancies to mothers residing in the exposed extra-urban area and of births from pregnancies to Sicilian women residing in similar low population density, low industrialisation areas (comparison groups) by susceptibility subperiods

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Birth outcome               Pregnancy stage as of the beginning of the fire (29 July, 2012)                                                                                                                                                                                     
  --------------------------- ----------------------------------------------------------------- -------------- -------------------- ----------- ------------- -------------------- ----------- ------------- ---------------- ------------ -------------------------------------- ---------------------
  All births                  42 (100)                                                          2051 (100)                          144 (100)   6000 (100)                         173 (100)   6757 (100)                     187 (100)    7352 (100)                             

  Gender                                                                                                                                                                                                                                   6 (0,1)[\*](#tblfn2){ref-type="fn"}    

   Male                       27 (64)                                                           1054 (51)      1 (ref.)             82 (57)     3129 (52)     1 (ref.)             88 (51)     3430 (51)     1 (ref.)         101 (54)     3755 (51)                              1 (ref.)

   Female                     15 (36)                                                           997 (49)       0.59\                62 (43)     2870 (48)     0.82\                85 (49)     3327(49)      0.99\            86 (46)      3591(49)                               0.89\
                                                                                                               (0.31 to 1.11)                                 (0.59 to 1.15)                                 (0.74 to 1.35)                                                       (0.67 to 1.19)

  Plurality                                                                                                                                                                                                                                                                       

   Singleton birth            42 (100)                                                          1993 (97)      1 (ref.)             142 (99)    5793 (97)     1 (ref.)             168 (97)    6535 (97)     1 (ref.)         173 (93)     7099 (97)                              1 (ref.)

   Multiple birth             0 (0.0)                                                           58 (2.8)       0 (-)                2 (1.4)     97 (3.4)      0.4\                 5 (2.9)     222 (3.3)     0.89\            14 (7.5)     253 (3.4)                              **2.42**\
                                                                                                                                                              (0.09 to 1.62)                                 (0.36 to 2.18)                                                       **(1.38 to 4.24)**

  Status at birth                                                                                                                                                                                                                          8 (0,11)[\*](#tblfn2){ref-type="fn"}   

  Live births                 42 (100)                                                          2.046 (99.8)   1 (ref.)             144 (100)   5989 (99.8)   1 (ref.)             173 (100)   6730 (99.7)   1 (ref.)         184 (98.4)   7318 (99.54)                           1 (ref.)

  Stillbirths                 0 (0.0)                                                           5 (0.2)        0 (-)                0 (0.0)     10 (0.2)      0 (-)                0 (0.0)     23 (0.34)     0 (-)            3 (1.6)      26 (0.35)                              **4.69**\
                                                                                                                                                                                                                                                                                  **(1.40 to 15.6)**

  Singleton live births       42 (100)                                                          1983 (100)     **OR\*\***\          142 (100)   5788 (100)    **OR\*\***\          168 (100)   6435 (100)    **OR\*\***\      172 (100)    7075 (100)                             **OR\*\***\
                                                                                                               **(95% CI)**                                   **(95% CI)**                                   **(95% CI)**                                                         **(95% CI)**

  Preterm                                                                                                                                                                                                                                                                         

  (\<37 weeks)                36 (7.14)                                                         94 (4.81)      1.46\                11 (7.75)   295 (5.16)    1.52\                11 (6.55)   352 (5.47)    1.21\            11 (6.43)    343 (4.88)                             1.35\
                                                                                                               (0.44 to 4.83)                                 (0.81 to 2.85)                                 (0.65 to 2.26)                                                       (0.73 to 2.51)

  Very preterm                                                                                                                                                                                                                                                                    

  (\<32 weeks)                2 (4,76)                                                          18 (0,92)      3,99\                3 (2,11)    43 (0,75)     2,88\                0           42 (0,65)     \-               3 (1,75)     39 (0,55)                              **3,41**\
                                                                                                               (0.90 to 17.66)                                (0,88 to 9,39)                                                                                                      **(1,04 to 11,16)**

  Low birth weight\           2 (4.76)                                                          116 (5.85)     0.83\                12 (8.45)   327 (5.65)    1.57\                11 (6.55)   353 (5.42)    1.22\            12 (6.98)    341 (4.82)                             1.52\
  (\<2500 g)                                                                                                   (0.20 to 3.48)                                 (0.86 to 2.88)                                 (0.66 to 2.27)                                                       (0.83 to 2.76)

  Very low birth weight\      2 (4.76)                                                          20 (1.01)      **4.64**\            3 (2.11)    34 (0.59)     **3.66**\            0 (0.0)     37 (0.57)     0 (-)            2 (1.16)     39 (0.55)                              2.18\
  (\<1500 g)                                                                                                   **(1.04 to 20.6)**                             **(1.11 to 12.1)**                                                                                                  (0.52 to 9.12)

  Small for gestational age   0 (0.0)                                                           61 (3.1)       0 (-)                4 (2.82)    167 (2.92)    1.00\                5 (2.98)    173 (2.69)    1.11\            6 (3.51)     175 (2.49)                             1.45\
                                                                                                                                                              (0.36 to 2.74)                                 (0.45 to 2.75)                                                       (0.63 to 3.31)
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Number and percentage of non-missing values \*\*OR adjusted for maternal age and infant gender (OR contrasting male and female gender adjusted for maternal age, only)

Among singleton live births we observed a three-fold increase in risk of very preterm between the extra-urban area and the remaining Sicilian low inhabitants density and unindustrialised areas for births whose pregnancies were in the third trimester (OR adjusted for maternal age and infant gender=3.41; 95% CI 1.04 to 11.16) when the fire began ([table 2](#T2){ref-type="table"}).

Among singleton live births there were differences in very low birth weight rates between the extra-urban area and the remaining Sicilian low inhabitants density and unindustrialised areas for births whose pregnancies were either in periconception period (OR adjusted for maternal age and infant gender=4.64; 95% CI 1.04 to 20.6) or in the first trimester (OR adjusted for maternal age and infant gender=3.66; 95% CI 1.11 to 12.1) when the fire began ([table 2](#T2){ref-type="table"}). Additional analyses of the risk of very low birth weight stratified by gestational age revealed that the excess of very low birth weight overlapped only in part with very preterm birth: remarkably, the infants accounting for the excess of very low birth weight from pregnancies conceived around the time of exposure were born after 32 weeks of gestation (results not shown in detail). Internal comparisons of the susceptibility period within the extra-urban exposed group did not reveal clear differences between subgroups defined by stages of the pregnancy at the time of exposure, but these comparisons were hampered by the small size of the study group (results not shown).

Our supplementary analyses did not show differences between the outcomes of 4653 births to mothers residing in the Palermo metropolitan area which were conceived between 36 weeks before and 4 weeks after 29 July, 2012, and the outcomes of 3980 births to mothers residing in the other Sicilian metropolitan areas conceived during the same time interval ([table 3](#T3){ref-type="table"}). Similarly, we observed no differences between the outcomes of births from pregnancies to mothers residing in the extra-urban exposed area and the outcomes of births from pregnancies to Sicilian women residing in low population-density, low-industrialisation areas of Sicily, conceived between 36 weeks before and 4 weeks after 29 July, 2011 (1 year before the arson) ([table 4](#T4){ref-type="table"}).

###### 

Outcomes of 4653 births from pregnancies to mothers residing in the Palermo metropolitan area and of 3980 births from pregnancies to Sicilian women residing in the remaining metropolitan areas (comparison group), conceived between 36 weeks before and 4 weeks after 29 July, 2012

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Birth outcome               Palermo exposed metropolitan area   Remaining metropolitan areas\   Unadjusted OR   Adjusted OR                                       
                                                                  (Catania and Messina)                                                                             
  --------------------------- ----------------------------------- ------------------------------- --------------- ---------------- -------------------------------- ----------------
  All births                  4653 (100)                          3980 (100)                      OR              (95% CI)         OR[\*](#tblfn3){ref-type="fn"}   (95% CI)

  Gender                                                                                                                                                            

   Male                       2350 (50.51)                        2040 (51.26)                    1 (ref.)                         1 (ref.)                         

   Female                     2303 (49.49)                        1940 (48.74)                    1.03            (0.94 to 1.12)   1.03                             (0.94 to 1.12)

  Plurality                                                                                                                                                         

   Singleton birth            4492 (96.54)                        3829 (96.21)                    1 (ref.)                         1 (ref.)                         

   Multiple birth             161 (3.46)                          151 (3.79)                      0.91            (0.72 to 1.14)   0.91                             (0.72 to 1.14)

  Status at birth                                                                                                                                                   

  Live births                 4636 (99.63)                        3966 (99.65)                    1 (ref.)                         1 (ref.)                         

  Stillbirths                 17 (0.37)                           14 (0.35)                       1.04            (0.51 to 2.11)   1.03                             (0.51 to 2.10)

  Singleton live births       4492 (100)                          3829 (100)                      OR              (95% CI)         OR[\*](#tblfn3){ref-type="fn"}   (95% CI)

  Preterm                                                                                                                                                           

   (\<37 weeks)               169 (7.25)                          111 (6.75)                      1.08            (0.84 to 1.38)   1.08                             (0.84 to 1.39)

  Low birth weight                                                                                                                                                  

   (\<2.500 gr)               146 (6.74)                          180 (7.15)                      0.86            (0.69 to 1.08)   0.86                             (0.69 to 1.08)

  Very low birth weight\      25 (1.07)                           21 (0.83)                       1.28            (0.72 to 2.30)   1.28                             (0.72 to 2.30)
  (\<1500 gr)                                                                                                                                                       

  Small for gestational age   59 (2.53)                           66 (4.01)                       0.62            (0.43 to 0.89)   0.62                             (0.64 to 1.77)
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*OR adjusted for maternal age and infant gender (OR contrasting male and female gender adjusted for maternal age, only)

###### 

Outcome of 536 births from pregnancies to mothers residing in the exposed extra-urban area and of 23 373 births from pregnancies to Sicilian women residing in low inhabitants density and unindustrialised areas of Sicily (comparison group), conceived between 36 weeks before and 4 weeks after July 29, 2011 (the same calendar period during the previous year)

  ---------------------------------------------------------------------------------------------------------------------------------------------------------
  Birth outcome               Extra-urban exposed area   Comparison group   Unadjusted OR   Adjusted OR                                      
  --------------------------- -------------------------- ------------------ --------------- --------------- -------------------------------- --------------
  All births                  536 (100)                  23 373 (100)       OR              (95% CI)        OR[\*](#tblfn4){ref-type="fn"}   (95% CI)

  Gender                                                                                                                                     

   Male                       272 (50.75)                12 041 (51.52)     1 (ref.)                        1 (ref.)                         

   Female                     264 (49.25)                11 329 (48.57)     1.03            (0.87--1.22)    1.03                             (0.87--1.22)

  Plurality                                                                                                                                  

   Singleton birth            520 (97.01)                22 632 (96.83)     1 (ref.)                        1 (ref.)                         

   Multiple birth             16 (2.99)                  741 (3.17)         0.94            (0.57--1.56)    0.96                             (0.58--1.58)

  Status at birth                                                                                                                            

  Live births                 534 (99.63)                23 291 (99.65)     1 (ref.)                        1 (ref.)                         

  Stillbirths                 2 (0.37)                   79 (0.34)          1.10            (0.27--4.50)    1.10                             (0.27--4.50)

  Singleton live births                                                     OR              (95% CI)        OR[\*](#tblfn4){ref-type="fn"}   (95% CI)

  Preterm                                                                                                                                    

   (\<37 weeks)               30 (5.78)                  1226 (5.44)        1.06            (0.731--1.54)   1.07                             (0.74--1.55)

  Low birth weight                                                                                                                           

   (\<2.500 gr)               35 (6.74)                  1226 (5.44)        1.26            (0.88--1.78)    1.26                             (0.89--1.79)

  Very low birth weight\      4 (0.77)                   133 (0.59)         1.31            (0.48--3.55)    1.31                             (0.48--3.56)
  (\<1500 gr)                                                                                                                                

  Small for gestational age   15 (2.89)                  616 (2.75)         1.05            (0.62--1.77)    1.05                             (0.63--1.77)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------

\*OR adjusted for maternal age and infant gender (OR contrasting male and female gender adjusted for maternal age, only)

Discussion {#s4}
==========

This retrospective study investigated birth outcomes among women residing near one of the largest Italian solid waste landfills (the Bellolampo MSW-L), who were pregnant during a fire that started on 29 July, 2012, and lasted for about a 2 week period before being completely extinguished.

As compared with births occurring during the same interval to mothers residing in other areas of Sicily with similar population density and level of industrialisation, we observed statistically significant differences suggesting that the landfill arson could have had an adverse impact on pregnancy outcomes. Our secondary analysis did not highlight statistically significant differences between the metropolitan exposed area and the other metropolitan populations in Sicily. In the study group, the analysis documented a three-fold excess risk of very preterm birth (\<32 weeks, OR adjusted for maternal age and infant gender=3.41; 95% CI 1.04 to 11.16) and a two-fold excess risk of very low birth weight (\<1500 g) among singleton live births. The effect on very low birth weight appeared to be concentrated among births whose conception date was between 12 weeks prior to the beginning of the fire to 4 weeks after, suggesting that the largest impact of the exposure may have been on pregnancies that were conceived during the fire (OR adjusted for maternal age and infant gender=4.64; 95% CI 1.04 to 20.6) or were exposed to the fire during the first trimester (OR adjusted for maternal age and infant gender=3.66; 95% CI 1.11 to 12.1). On the other hand, the effect on the risk of very preterm birth did not appear to be confined to any particular subgroup at risk. These findings are compatible with a toxic effect on placentation or early embryo development leading to restricted intrauterine growth and premature delivery.[@R18] Maternal exposure to ambient concentrations of air pollutants, particularly to fine particulate matter, has been identified as a risk factor for preterm birth, low birth weight and SGA births.[@R20] Multiple studies have documented an association between fine particulate exposure and preterm birth.[@R21] Exposure to wildfires has been proposed as a risk factor for preterm birth[@R20] and reduced average birth weight.[@R24]

In a multisite Italian study, maternal exposure to incinerator emissions was associated with preterm delivery even at very low levels.[@R7] Moreover, a study conducted in Taiwan concluded that exposure to emissions from an incinerator generating dioxin had little effects on birth weight and female birth, but may have a modest effect on gestational age.[@R8]

The mechanisms proposed to explain the effect of fine particulate exposure on preterm birth include oxidative stress, pulmonary and placental inflammation, coagulopathy, endothelial dysfunction and haemodynamic responses,[@R20] as well as intrauterine inflammation.[@R20] Of interest, adverse pregnancy outcomes including preterm delivery, intrauterine growth restriction and impaired infant weight gain are associated with exposure to polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans and dioxin-like PCBs (DL-PCBs).[@R1] Recently, The Hokkaido Study on Environment and Children's Health has demonstrated the effects of environmental chemical exposures (dioxins, polychlorinated biphenyls (PCB), organochlorine pesticides, perfluoroalkyl substances, phthalates, bisphenol A and methylmercury) on genetically susceptible populations and on DNA methylation,[@R27] while other research suggests that exposure to tetrachlorodibenzo-*p-*dioxin (TCDD) may induce shifts in the immune response that enhance a proinflammatory phenotype at the maternal-foetal interface, increasing the risk of infection-mediated preterm birth.[@R29]

The body of published evidence, taken together with the statistically significant excess risk concentrated in a relatively narrow period of susceptibility, lends credibility to the hypothesis that the Bellolampo arson adversely affected pregnancies exposed during conception or in the first trimester, causing an excess of deliveries of very low birth weight infants in the extra-urban area.

The study also documented in the same area a significant four-fold excess of stillbirths among pregnancies that were exposed to the landfill fire during the third trimester. This finding is based on a total of three stillbirths that occurred in the extra-urban study group, all of which were concentrated to the subgroup exposed during the third trimester, and it is possible that the observed excess is due to chance even if it was statistically significant. On the other hand, long-term exposure to PCBs was associated with increased proportions of miscarriage and stillbirth in animal studies,[@R30] and exposure to emissions from solid-waste incinerators was associated with increased risk of miscarriage in an epidemiological study in Italy.[@R31] Thus, the excess of stillbirths to mothers exposed during the third trimester could be associated with the arson.

The excess of multiple births from pregnancies exposed during the third trimester in the study group is unlikely to be caused by exposure to the landfill fire, as plurality must have been established long before the arson. The literature provides conflicting evidence on the association between exposure to air pollution from incinerators and multiple births.[@R32]

Long-term exposure of the study area to pollutants (independently from the fire) was already known and was confirmed by the detection of TCDD and heavy metals at concentrations above the limits permitted by law[@R33] in subsoil samples collected by the regional environment protection agency after the fire.[@R34] However, the secondary analysis comparing birth outcomes in the same extra-urban groups in the year before the arson did not highlight any potential effect related to a long-term exposure to pollutants emitted from the landfill.

The findings of this study should be interpreted in light of some limitations. First, the retrospective design and the analysis of data from vital statistics do not allow a detailed assessment of the longitudinal nature of the exposure-response relation, or precise adjustment for potential confounding. Although environmental monitoring was performed in response to the arson, we had limited access to the data and could only confirm the increase in air particulate concentrations after the beginning of the fire. Thus, we could not assess specific exposure levels of individual pregnancies at multiple points in time. Lastly, as it is often the case in studies of local environmental exposure events, the outcomes of interest were limited in number, especially when stratified according to the stage of the pregnancy at exposure. Nevertheless, the observations made in this study are of general interest. While previous studies conducted in Italy have suggested associations between exposure to incinerator emissions and increased risk of miscarriages and preterm births,[@R31] to our knowledge, the present study is the first in Europe to investigate the effects of exposure emissions on birth outcomes evaluating pregnancies exposed at different stages of development. Despite the limited information base and sample size, the excess of very low birth weight infants achieved statistical significance and was confined to early-stage pregnancies.

The study adds to the growing body of evidence that exposure to emissions from solid waste landfill operations may have serious health effects and underscores the need for monitoring potential hazards and health outcomes in the resident population.[@R35] The arsons at the Bellolampo MSW-L,[@R36] as well as the ones that occurred in other Italian solid waste treatment plants in proximity to populated areas,[@R10] and the public concern they caused, exemplify the important role that integration of environmental monitoring and epidemiological surveillance may have in this realm.[@R37] The questionable strength of the evidence collected in this and in similar studies also underscores the need for better planning of monitoring and surveillance activities (more detailed exposure information, better definition and monitoring of reproductive and other health outcomes, assessment of long-term effects and better control for potential confounders) and highlights the difficulty of conveying results to the various stakeholders[@R9] and the related need for effective methods to transfer study results to policymakers and the public.[@R40]

Finally, our study highlights the importance to promote an integrated management of urban solid waste alternatives to landfills, including waste to energy plants or other newly available technologies such as pyrolysis and gasification.[@R41]
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